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ABSTRACT 
This thesis describes two projects focusing on (1) the investigation of 
benzoxadiazole chromophore and (2) new methods for solid phase microextraction.  
This thesis investigates how the diazole ring in nitrobenzoxadiazole affects 
environmental sensitivity. We developed a novel synthesis of isobenzofurans using 
anthranilic acid derivatives. The use of benzyne and bioorthogonal chemistry is used to 
achieve our isobenzofuran derivatives. 
This thesis will address two different ways in which to improve solid phase 
microextraction methods. By utilizing a novel cross linker and reverse addition 
fragmentation chain transfer (raft) polymerization we are able to control polymerization 
to give us more consistent polymers. We apply this method to creating dynamic 
polymers using a low critical solution temperature monomer. The other method utilizes 
our cross-link system to determine how film morphology affects the selectivity of poly 
ionic liquid polymers. This was done by investigating different percentages of cross 
linker. This project also led us to create a new cross-linker design containing another 
ionic liquid, allowing for further investigation into morphology.
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CHAPTER 1. GENERAL INTRODUCTION 
This thesis will focus on two major topics, (1) the investigation into the 
environmental sensitivity of benzoxadiazole chromophores and (2) new material 
strategies for solid- phase microextraction (SPME) methods. 
1.1 Investigation into Benzoxadiazole Chromophores and Effects on 
Environmental Sensitivity 
 
So-called push-pull benzoxadiazoles (BD, Figure 1) are a class of 
environmentally sensitive dyes. These dyes have found applications in bioimaging to 
monitor interactions of proteins and lipids, among others.1,2 Since the creation of BD 
dyes, investigations have been made into how different electron donating (EDG) and 
electron donating groups (EWG) affect the environmental sensitivity of these dyes.3,4 
 
Figure 1.1. Benzoxadiazole structure. 
To date, no studies have investigated what role the diazole ring might play. What 
effect do the nitrogen atoms in the diazole ring have on the environmental sensitivity—in 
polar-protic solvents in particular? In chapter two, I will discuss the synthesis of 
isobenzofuran with similar EDG and EWG of BD derivatives. With this structure we will 
investigate what effects the nitrogen atoms in the diazole ring have on environmental 
sensitivity. 
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1.2 New Material Strategies for Solid Phase Microextraction Methods 
High-fidelity detection and analysis of chemicals and biomolecules from complex 
environments is a formidable challenge but promises to have broad implications in 
environmental monitoring, biomedical diagnostics and molecular profiling. Solid-phase 
microextraction (SPME) has arisen as a powerful technique for these purposes, where 
the main strength of SPME is its operational efficiency (Figure 2).5 
 
Figure 1.2. Overview of Solid Phase Microextraction two step design. 
In SPME, a polymer film is immobilized onto a fiber or capillary and immersed in 
a sample of interest. Analytes absorb onto the film and are desorbed from the film (with 
solvent or heat) in a subsequent analysis step. In this way, pre-concentration and 
sample preparation—often the most time-consuming parts of an analytical process—are 
achieved in one, easily automated, operation.6 Since its creation in 1990’s, however, 
there has been little work investigating the role that polymer morphology plays in the 
performance of the film. There are two strategies we have undertaken to probe the 
effect that film morphology might play to improve extraction efficiencies. In chapter 
three, I discuss efforts towards creating an active SPME fiber, that helps “squeeze out” 
analytes to improve desorption efficiency and discuss efforts to investigate controlling 
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the cross linking of the polymer films in order to provide better insight in the structure of 
the film.  
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CHAPTER TWO. INVESTIGATION INTO BENZOXADIAZOLE CHROMOPHORES 
AND EFFECTS ON ENVIRONMENTAL SENSITIVITY 
Paige Bouc, Caroline Warner, Arkady Ellern, and Brett VanVeller 
2.1 Introduction 
Environmentally sensitive fluorophores are valuable tools in bioimaging.1,2 The 
capability to emit different wavelengths of light based on the polarity of the local 
environment allows for the monitoring of protein interactions and lipid membrane 
interactions among many others.3,4 An example of these environmentally sensitive 
fluorophores is a class of dyes called benzoxadiazole (BD). Since the creation of these 
molecules there have been investigations into how different electron donating (EDG) 
and electron withdrawing (EWG) groups affect the environmental sensitivity.5,6  
 
 
Figure 2.1. (1) Benzoxadiazole (BD) base structure, 
(2) Nitrobenzoxadiazole (NBD), (3) Isobenzofuran. 
EDG= Me2N, MeNH, NH2, OMe. 
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One aspect of BD that has not been investigated is the role the nitrogen atoms in 
the diazole ring play in environmental sensitivity. More specifically, we will be looking at 
how the absence of nitrogen’s in nitrobenzoxadiazole will affect the environmental 
sensitivity—particularly with respect to protic solvents. In this chapter we report a novel 
method for the synthesis isobenzofuran scaffolds that display push-pull chromophores. 
2.2 Results and Discussion 
The overall approach to the synthesis of isobenzofuran derivatives utilizes 
benzyne chemistry to form the strained bicyclic intermediate followed by bioorthogonal 
chemistry to obtain the final products (scheme 1). 
Scheme 2.1. Proposed synthesis of isobenzofuran derivatives. 
 
 
We initially planned a route to the target molecule following scheme 2. Synthesis 
of the bicyclic intermediate 9 was achieved by reacting an anthranilic acid derivative 8 
with a nitrite source in the presence of furan. The nitrite leads to in situ formation of a 
benzyne intermediate that undergoes cycloaddition with furan to give 9. Unfortunately, 
we were unable to nitrate to obtain 11. 
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Scheme 2.2. Proposed synthesis of 8-11 with an amine EDG. 
 
 
Scheme 2.3. (A) Proposed synthesis of 13. (B) Proposed optimization of  
14-16 to create isobenzofurans with a variety of EDGs. 
 
 
Concurrently, we also were investigating the elaboration of 12 into 15, where 15 
would allow installation of other EDGs (OMe, HNMe, and Me2N) via nucleophilic 
aromatic substitution (Scheme 3). Low yields for the conversion of 12 to 13 using iso-
amyl nitrite to generate the benzyne intermediate drove us to investigate alternative 
methods to generate the benzyne. In attempts to improve the yield of 13, the reaction 
was performed using tBuLi for a 40% yield.9 While the yield shows modest improvement 
to 40%, subsequent nitration to give 15 was unsuccessful due to the degradation 13.10 
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We propose that the unsuccessful nitration of both 10 and 13 was due to the instability 
of the oxabicyclic moiety under the strongly acidic conditions required for nitration. We 
propose that protonation of the oxygen results in the ring opening and degradation of 
starting material. With this realization, a different route had to be taken.  
In order to find a way around this issue, the NO2 group to be installed before 
installation of the oxabicyclic moiety via benzyne cycloaddition. Compound 16 was 
found to selectively aminate the 2-fluoro position,11 yielding an anthranilic acid derivative 
that fit the criteria of having the EWG already installed. After optimization, the 4+2 
cycloaddition, the reaction proceeded with a 60% yield (scheme 4)11.   
 
Scheme 2.4. Proposed synthesis of 16-21 with a variety of EDGs. 
 
 
We initially planned to react 18 with 3,6-Di-2-pyridyl-1,2,4,5-tetrazine (19) to 
provide isobenzofuran derivative 20-F. This intermediate would allow divergent 
installation of the EDG groups to streamline the synthesis. Unfortunately, the results of 
this reaction yielded an unexpected product (Scheme 5). Based on the crystal structure, 
we surmise that the combined electron-withdrawing effects of the F and NO2 groups 
leads to a poor electronic match with 19 for 4+2 cycloaddition. Thus, the desired product 
(20-F) forms slowly, only to react with starting material 18 to yield 22 (Scheme 5).  
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Scheme 2.5.  Proposed synthesis of 22 based on crystal structure. 
 
 
 
 
 
Figure 2.2. Crystal structure of 22. 
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To avoid this problem, EDGs were installed first, followed by the reaction with 
3,6-Di-2-pyridyl-1,2,4,5-tetrazine (19). The four EDGs we looked at were amine, methyl 
amine, dimethyl amine, and methoxy. These were picked due to their frequency as EDG 
in NBD molecules.6 This strategy, while less efficient in terms of step economy 
compared with Scheme 5, allowed for the successful synthesis of derivatives 23-EDG 
following scheme 6. Methyl amine (23-HNMe),12 dimethyl amine (23-NMe2),13 and 
methoxy (23-OMe)14 groups (Table 1) were successfully installed, but the amine 
addition was not.  
 
Scheme 2.6. Modified synthesis of 24-EDG. 
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Table 2.1. Conditions and corresponding yields for electron donating group(EDG) 
instillation. 
EDG Conditions Yield 
HNMe 
(23-HNMe) 
2 M HNMe in tetrahydrofuran, potassium 
carbonate, dimethylsulfoxide 
700C, 20 h 
83% Yield 
NMe2 
(23-NMe2) 
Si(OMe)4,1 M TBAF in tetrahydrofuran 
600C, 2 h 
80% Yield 
OMe 
(23-OMe) 
Me2NH HCl, triethyl amine, Acetonitrile, 60 
oC, 22 h 
45% Yield 
NH2 28% wt. NH4OH, Ethanol 
60 oC, 22 h 
No reaction 
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Once the core structures were made (23-EDG), they were reacted with 19 using 
bioorthogonal chemistry to produce the isobenzofuran derivatives.16 The yields proved 
to be inconsequential for 24-OMe, 24-HNMe, and 24-NMe2. We believe this is due to 
the competing reaction with the produced product and starting material, similar to 
above.  
 
 
Figure 2.3. Final isobenzofuran structures. 
 
2.3 Conclusion 
In this chapter we report a novel method to synthesize isobenzofurans. This was 
achieved by utilizing Diels Alder and Bioorthogonal chemistry. Interesting results 
showed that there is a competing Diels Alder. Future work will include reducing the 
competing reaction, completing the final step with tetrazine, and then determining what 
effects the diazole ring has on environmental sensitivity.  
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2.4 Experimental 
Synthesis of 9.  
Based on a previous procedure8, Iso-amyl nitrite (0.7 mL, 5.45 mmol) was dissolved in 
dry furan (5 mL) and added dropwise to a solution of 8 (200 mg, 1.09 mmol) in dry furan 
(1 mL). The solution was stirred at 300C for 3 h and the volatiles were removed under 
vacuum. The product was purified by silica gel chromatography (8:2 hexanes:EtOAc) to 
give 9 as a light yellow powder (62 mg, 30%). 1H NMR (MeOH, 400 MHz) δ 7.70 (dd, J 
= 8, 0.88 Hz, 1H), 7.57 (dt, J= 7, 1.5, 0.80 Hz, 1H), 7.21 (dd, J= 7.04 Hz, 1H), 7.18 (dd, 
J= 5.52, 1.76 Hz, 1H), 7.15 (dd, J= 5.56, 1.8 Hz, 1H), 6.39 (quin, J= 0.84 Hz, 1H), 5.86 
(dd, J= 1.5, 0.8). 13C NMR (MeOH, 100 MHz) δ 153.0, 146.5, 144.5, 141.3, 126.6, 
124.8, 118.7, 82.4, 81.8. HRMS (ESI-TOF) m/z: [M - H]- Calcd for C10H7NO3 189.17, 
found 188.0347. 
 
Synthesis of 10. 
Based on a previous procedure9, acetic acid (5 mL) was heated to 70 0C, after which 9 
(250 mg, 1.32 mmol) and Fe powder (739 mg, 13.2 mmol) was added. The solution was 
then degassed and put under N2. The reaction continued to stir for 20 minutes and was 
then reduced under vacuum. The product was then extracted with EtOAc (3x) and then 
washed with NaCO3. The organic layer was then dried of NaSO4 and then was further 
purified by silica plug. The product was then reduced under vacuum to give 10, as a 
brown viscous liquid (173 mg ,82%). 1H NMR (MeOH, 400 MHz) δ 7.04 (dd, J=5.60, 
1.88 Hz, 1H), 6.98 (dd, J=5.56, 1.84 Hz, 1H), 6.74 (dd, J=7.52 Hz, 1H), 6.71 (dd, J= 
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7.26, 1.26 Hz, 1H), 6.28 (dd, J=7.56, 1.26 Hz, 1H), 5.87 (dd, J=2.04, 1.00 Hz, 1H), 5.60 
(dd, J=1.96, 0.96 Hz, 1H). 13C NMR (MeOH, 100 MHz) δ 149.91, 142.22, 141.95, 
140.04, 132.26, 125.79, 114.64, 110.98. HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 
C10H9NO 159.19, found 160.0754. 
 
Synthesis of 11. 
Based on a previously reported procedure10, 10 (260 mg, 1.6 mmol) was dissolved in 
dioxane (6.5 mL) and was then cooled to 0 oC. Trifluoroacetic anhydride (0.25 mL, 1.8 
mmol) was added dropwise. The reaction was then brought back to room temperature 
where it continued to stir for 3 h. The solvent was removed under vacuum and then 
extracted with EtOAc, washed with NaHCO3, and then dried over NaSO4. Once again, 
the solvent was removed under vacuum to give 11. 1H NMR (MeOH, 400 MHz) δ 7.21 
(dd, J= 5.44, 1.72 Hz, 1H), 7.20(d, J=6.92 Hz, 1H) 7.03 (dd, J= 5.44, 1.27 Hz, 1H), 7.02 
(dd, J= 7.08 Hz, 1H), 6.83 (dd, J= 816, 0.88 Hz, 1H), 5.71 (dd,1.80, 0.88 Hz, 1H), 5.63 
(dd, J= 1.76, 0.92 Hz, 1H). 13C NMR (MeOH, 100 MHz) δ 151.21, 142.76, 142.51, 
141.84, 127.70, 125.89, 119.72, 118.12, 82.16, 81.76, 81.75. HRMS (ESI-TOF) m/z: [M 
- H]- Calcd for C10H9NO 255.20, found 254.0436. 
 
Synthesis of 13 
Based on a previous procedure8, 12 (500 mg, 3.22 mmol) was dissolved in dry Furan (3 
mL) and put under N2. In a separate round bottom isoamyl nitrite (1.7 mL, 12.9 mmol) 
was added to dry furan (13 mL) and put under N2. The solution of isoamyl nitrite was 
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then dropwise added to the first round bottom and allowed to stir at room temperature 
overnight. Sodium bicarbonate was then added and the product was extracted with 
EtOAc. The organic layer was then dried over NaSO4 and reduced under vacuum. 13 
was purified over silica (EtOAc:Hexane gradient) and reduced under vacuum to give a 
yellow oil ( 56 mg, 10% yield) 1H NMR (MeOH, 600 MHz) δ 7.07 (m, 3H), 6.99 (m, 1H), 
6.69 (td, J= 8.43, 0.68 Hz, 1H), 5.93 ( dd, J= 2.48, 1.56 Hz, 1H), 5.74 (dd, J= 2.88, 1.56 
Hz, 1H). 13C NMR (MeOH, 100 MHz) δ 156.90, 154.46, 153.11 (d, Jcf= 4.22 Hz), 142.47 
(d, Jcf= 100 Hz), 133.45 (d, Jcf= 20.68), 127.43 (d, Jcf= 5.88 Hz), 116.16, 112.00 (d, Jcf= 
22.53 Hz), 82.35 (d, Jcf= 1.15 Hz), 79.07 (d, Jcf= 1.9 Hz). 
 
Synthesis of 13: 
Based on a previous procedure,9 In a 25 mL Schlenk flask that was flame dried, 5 mL of 
dry THF and 5 mL of dry Furan was added and allowed to cool to -78 oC. 14 (500 mg, 
2.25 mmol) was added and continued to stir. Slowly, tBuLi (1 mL, 6.75 mmol) was 
added dropwise. The reaction stirred for 1h at -78 oC and then warmed to room 
temperature for 3 h and continued to stir. The reaction was quenched with water, 
extracted with DCM and reduced under vacuum to give 13(40% yield, 100mg). 
 
Synthesis of 17 
Based on a previous procedure,11 16 (5 g, 25 mmol) was dissolved in concentrated 
ammonium hydroxide (250 mL). The solution was caped and stirred for 1.5 h. Once 
starting material was almost consumed the reaction was reduced under vacuum. The 
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product was purified over silica to give 17 as a yellow powder (2.50 g, 50% yield). 1H 
NMR (DMSO, 400 MHz) δ 8.28 (dd, J= 9.56, 5.56 Hz, 1H) 6.5608 (t, J= 9.76 Hz, 1H). 
13C NMR (DMSO, 100 MHz) δ 168.11, 166.62, 165.47, 148.02, 133.10, 132.96, 129.37, 
105.26, 104.45, 104.19. HRMS (ESI-TOF) m/z: [M - H]- Calcd for C7H5N2O4, 200.13 
found 199.0163. 
 
Synthesis of 18  
Based on a previously reported procedure,8 17 (800 mg, 4 mmol) was degassed and 
put under nitrogen. The starting material was then dissolved in a dry acetonitrile (60 
mL), then dry furan (60mL) was added. The reaction stirred and the tert-butyl nitrite (1.8 
mL, 16 mmol) was added dropwise. The reaction stirred for three hours until starting 
material was consumed. The product was purified by silica gel chromatography (8:2 
hexanes:EtOAc) to give 18 as a light yellow powder (300 mg, 37%). 1H NMR 
(Chloroform, 400 MHz) 7.77 (dd, J= 9.12, 3.88 Hz, 1H), 7.18 (dd, J= 5.45, 1.84 Hz, 1H), 
7.15 (dd, J= 5.52, 1.72 Hz, 1H), 6.85 (dd, J= 9.12 Hz, 1H), 6.5187 (m, 1H), 6.04 (dd, 
J=1.64, 1.1 Hz, 1H). HRMS (ESI-TOF) m/z: [M - H]- Calcd for C10H6NFO3, 207.16 found 
206.0260. 
 
Synthesis of 23d-OMe  
Based on a previous procedure,14 To a solution of 18 (0.9 mmol, 0.182 g) in 1 M TBAF 
in THF (1 eq, 0.87 mL) was added Si(OMe)4 (0.6 eq, 0.078 mL). The solution was 
stirred at 60°C for three hours. After TLC indicated full conversion, the solution was 
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diluted with H2O (30 mL) and the aqueous layer was extracted with EtOAc (20 mL x 3). 
The combined organic layer was dried over Na2SO4 and concentrated in vacuo.  
Product was purified via silica (Hexane:EtOAc 8:2). (87 mg, 45% yield).1H NMR 
(Chloroform, 400 MHz) δ 7.79 (d, J= 9.12 Hz, 1H), 7.16 (t, J= 1.92, 0.96 Hz, 1H), 6.68 
(d, 9.08 Hz, 1H), 6.50 (dd, J= 2.08, 1.08Hz, 1H), 5.98 (dd, J=2.08, 1Hz, 1H), 3.92 (s, 
1H). 13C NMR (Chloroform, 100 MHz) δ 156.66, 150.16,144.20, 142.25, 138.45, 136.81, 
122.83, 110.73, 83.25, 79.82, 56.12. HRMS (ESI-TOF) m/z: [M - H]- Calcd for 
C11H9NO4, 219.20 found 220.0601. 
 
Synthesis of 23-HNMe 
Based on a previous procedure,12 To a solution of 18 (0.8 mmol, 0.163 g) in DMSO 
(1.58 mL, 0.5 M) was added K2CO3 (4 eq, 0.433 g) and 2 M MeNH in THF (1 eq, 0.4 
mL). The solution was stirred at 70°C for 20 hours. After TLC indicated full conversion, 
the solution was diluted with H2O (20 mL) and the aqueous layer was extracted with 
EtOAc (15 mL x 3). The combined organic layer was dried over Na2SO4 and 
concentrated in vacuo. Product was purified via silica (Hexane:EtOAc 8:2) to give 23-
HNMe. (146 mg, 80% yield). 1H NMR (Chloroform, 400 MHz) δ  7.73 (d, J= 9.08 Hz, 
1H), 7.17 (dd, J= 5.44, 1.88, 1H), 7.11 (dd, 5.48, 1.76 Hz, 1H), 6.54 (dd, J= 1.92, 1 Hz, 
1H), 6.36 (d, J=9.08,1Hz, 1H), 5.84 (dd, 1.8, 0.84 Hz, 1H), 2.98 (s, 3H). 13C NMR 
(Chloroform, 100 MHz) δ 149.59, 146.54, 143.59, 142.54, 133.66, 123.19, 109.81, 
83.47, 79.56, 30.57. HRMS (ESI-TOF) m/z: [M + H]- Calcd for C11H9NO4, 218.21 found 
219.0763. 
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Synthesis of 23-NMe2  
Based on a previous procedure,13 To a solution of 18 (1.4 mmol, 0.288 g) in ACN (7 mL, 
0.2 M) was added Me2NH • HCl (2 eq, 0.228 g) and Et3N (4 eq, 0.78 mL). The solution 
was stirred at 60°C for 22 hours. After TLC indicated no further conversion, the solution 
was diluted with EtOAc (30 mL) and washed with H2O (20 mL x 3). The organic layer 
was dried over Na2SO4 and concentrated in vacuo. Product was purified via silica 
(Hexane:EtOAc 8:2). (284 mg, 83% yield).  1H NMR (Chloroform, 400 MHz) δ 7.65 (d, 
J=9.24 Hz, 1H), 7.16 )dd, J=5.52, 1.64 Hz, 1H), 7.13 (dd, =5.48, 1.8 Hz, 1H), 6.50 (dd, 
J=1.92, 1 Hz,1H), 6.40 (d, J= 9.24 Hz, 1H), 6.11 (dd, J= 1.72, 1.16 Hz, 1H), 3.07 (s, 
1H). 13C NMR (Chloroform, 100 MHz) δ 150.22, 148.95, 144.06, 141.84, 134.25, 
122.43, 112.64, 82.85, 82.60, 42.11. HRMS (ESI-TOF) m/z: [M - H]- Calcd for 
C12H12N2O3, 232.24 found 231.0775. 
 
Synthesis of 22 
Based on a previously reported procdure16, 18 (35 mg, 0.16 mmol) was dissolved in 
chloroform (1.6 mL) then 19 (37 mg, 0.16 mmol) was added. The reaction stirred at 
room temperature for 3 hours until starting material was consumed. The reaction was 
the rotovaped down and purified via silica (EtOAc: Hexane, 8:2) to give a white powder. 
(29 mg, 43% yield) 1H NMR (Chloroform, 400 MHz) δ 8.03 (dd, J= 9.08, 3.88 Hz, 1H), 
7.95 (dd, J= 9.08, 3.88 Hz, 1H), 7.12 (dd, J= 9.04, 7.24 Hz, 1H), 7.02 (dd, J= 9.04, 7.16 
Hz, 1H), 6.14 (dd, J= 5.04, 0.96 Hz, 1H), 5.76 (d, J= 1.92 Hz, 1H), 5.52 (d, J=1.92 Hz, 
1H), 5.16 (s, 1H), 3.13 (dd, J= 7.88, 5.32 Hz, 1H), 3.08 (dd, J= 7.88, 5.12 Hz, 1H). 13C 
 
 
 
 
 
 
18 
NMR (Chloroform, 100 MHz) δ 160.09, 159.11, 157.53, 156.53, 146.40 (d, JCF= 6.59), 
144.35 (d, JCF= 7.35), 139.04 (d, JCF= 2.13), 137.78 (d, JCF= 2.88), 134.55 (d, JCF= 
22.57), 125.25 (dd, JCF= 28.43, 8.31), 116.80 (dd, JCF= 23.82, 4.72), 80.74, 78.61, 77.15 
(d, JCF= 1.63), 74.80 (d, JCF= 1.5), 49.89, 48.30.  HRMS (ESI-TOF) m/z: [M - H]- Calcd 
for C12H12N2O3, 232.24 found 231.0775. 
 
NMR SPECTRA 
 
Figure 2.4: 1H NMR spectra 9 in Methanol (400 MHz) 
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Figure 2.5: 13C NMR spectra of 9 in Methanol (100 MHz) 
 
Figure 2.6: 1H NMR spectra 10 in Methanol (400 MHz) 
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Figure 2.7: 13C NMR spectra of 10 in Methanol (100 MHz) 
 
Figure 2.8: 1H NMR spectra 11 in Methanol (400 MHz) 
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Figure 2.9: 13C NMR spectra of 11 in Methanol (100 MHz) 
 
Figure 2.10: 1H NMR spectra 13 in Methanol (400 MHz) 
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Figure 2.11: 13C NMR spectra of 13 in Methanol (100 MHz) 
 
Figure 2.12: 1H NMR spectra 17 in DMSO (400 MHz) 
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Figure 2.13: 13C NMR spectra of 17 in DMSO (100 MHz) 
 
Figure 2.14: 1H NMR spectra 18 in chloroform (400 MHz) 
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Figure 2.15: 13C NMR spectra of 18 in Chloroform (100 MHz) 
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Figure 2.16: 1H NMR spectra 22 in chloroform (400 MHz) 
 
Figure 2.17: 13C NMR spectra of 22 in Chloroform (100 MHz) 
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Figure 2.18: 1H NMR spectra 23-OMe in chloroform (400 MHz) 
 
Figure 2.19: 13C NMR spectra of 23-OMe in chloroform (100 MHz) 
 
Figure 2.20: 1H NMR spectra 23-HNMe in chloroform (400 MHz) 
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Figure 2.21: 13C NMR spectra of 23-HNMe in chloroform (100 MHz) 
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Figure 2.22: 1H NMR spectra of 23-NMe2 in chloroform (400 MHz) 
 
Figure 2.23: 13C NMR spectra of 23-NMe2 in chloroform (100 MHz) 
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CHAPTER 3.  NEW MATERIAL STRATEGIES FOR SOLID PHASE 
MICROEXTRACTION METHODS. 
Paige Bouc, Serkan Demirci, Dan Agg, Selin Demirci, He Nan, María José Trujillo-
Rodríguez, Jared L. Anderson, Brett VanVeller 
3.1 Introduction 
Solid phase microextraction or SPME is an analytical sampling method that has been 
on the rise since its development in the 1990’s. The reason for its popularity is due to 
the removal of the solvent extraction step, which allows for a streamlined, one-step 
sampling process (figure 1).1 This is achieved by using a polymer coated capillary that, 
when introduced to a sample, will selectively absorb analytes from the solution. The 
capillary can then be easily transported to an analytical instrument, such as a GC, to be 
desorbed to determine the concentration of analytes in solution. In this manner, pre-
concentration and sample preparation—often the most time-consuming parts of an 
analytical process—are achieved in one operation and can be easily automated.2  
 
Figure 3.1. Overview of Solid Phase Microextraction two step design 
Despite the importance of the polymer film in the SPME technique, few studies 
have been performed to investigate how film morphology can affect the efficiency of 
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these SPME fibers. We investigated two strategies to control the morphology of SPME 
polymers.  
3.1.1 Applying the “just Squeeze it” Strategy to SPME Methods 
Currently the polymer coating in SPME is a static partner—it plays no active role 
in the desorption process. We sought to incorporate a low critical solution temperature 
(LCST) monomer into our polymer structure to create a polymer film that would actuate 
with temperature.3 
 
Figure 3.2. N-Isopropylacrylamide (PNIPAAm). 
We anticipated that the polymer would be solvent-swollen in water at 
temperatures below the critical solution temperature of the polymer, allowing for the 
uptake of analytes. Once the SPME fiber is introduced to water with a temperature 
above the LCST, the fiber will become hydrophobic causing the analytes to be 
“squeezed out”—improving the sensitivity by increasing the amount of analyte delivered 
in the desorption step. Our Initial LCST monomer, N-Isopropylacrylamide (1, PNIPAAm) 
was selected due to its LCST of 32oC. Where, below 32 oC, PNIPAAm is solvent 
swollen and above 32 oC is collapsed.3 
OHN
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Figure 3.3. Squeezing strategy to be applied to SPME techniques. 
3.1.2 Poly Ionic Liquids and Controlled Cross-linking 
One type of SPME fiber that has been of interest recently are poly ionic liquids 
(PILs). The reason for this interest is due to the characteristics of ionic liquids (ILs, i.e. 
thermal and chemical stability).4 One characteristic of PILs, is that organic synthesis 
allows for easy tuning of the monomer properties. While the effect of monomer structure 
on selectivity has been investigated, little has been done to investigate what influence 
the structure of polymer film might have on the uptake and desorption of analytes. This 
is due to the current methods of polymerization, which involved uncontrolled 
polymerization2,5 or heavily cross-linked polymers in which the density was unknown6. In 
this study, we specifically focus on developing strategies to control the crosslink density 
of polymer films and determine what effect this might have on analyte selectivity.  
 
Figure 3.4. Ionic liquid monomer, where R= carbon chain length. 
N
N
R
Cl
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3.1.3 Novel Cross-Linkers for SPME Film Fabrication 
Both strategies outlined above employed a common approach to the 
immobilization and crosslinking of each polymer film. In an effort to gain insight into the 
true structure of the polymer films, we proposed to synthesize linear co-polymers 
(containing either LCST or PIL monomers and a latent crosslinking monomer) that could 
be well-characterized in solution in terms of their length and monomer stoichiometry.  
With an understanding of the key characteristics of the polymer in place, we next 
proposed to simultaneously cross link the polymer chains and immobilize them onto the 
SPME fiber. Cross-linker (27) will be polymerized with either monomer using reversible 
addition fragmentation chain transfer (RAFT) to create our copolymer. 
 
Figure 3.5. Initial cross-linker structure. 
Using RAFT polymerization allows us to control the chain growth kinetics of our 
polymerization to create more uniform polymer chains. The cross-linker functions by 
formation of ketene upon heating to 250 0C. The ketene can subsequently react with the 
amine functionalized capillary or engage a 2+2 cycloaddition to cross-link the polymer 
chains. In this manner, cross-linking of polymers within the film and immobilization onto 
the capillary are achieved in one operation. (Scheme 7). Both of the monomer 
O O
O O
27
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strategies proposed above (1. LCST, 2. PIL) utilize the cross-linking strategy discussed 
here. A visiting scientist in the VanVeller lab (Dr. Serkan Demirci) synthesized the 
polymers in the discussion below and I focused on film optimization. 
 
Scheme 3.1. Cross linking occurring through a ketene reaction, followed by a  
2+2 cycloaddition to give the resulting cross-linked polymer, 29. 
 
 
3.1.4 General Film Fabrication 
Our films were fabricated and applied to fused-silica capillaries in a series of 
steps. The capillary was cleaned using piranha (70% H2SO4, 30% H2O2) to prepare the 
surface for the application of (3-aminopropyl)-triethoxysilane (APTS) to provide a 
primary amine for reaction with the ketene products of the cross-linking monomer. 
(figure 11).  
O
O
mn
nm
HN O
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Figure 3.6.  Cleaning and coating of capillaries in preparation for polymer coating. 
 
The polymer fibers are fabricated by first by dip coating in a 3 % solution of 
polymer in acetone. The capillaries were dipped and dried 3 times to produce a film 
layer of 300-500 μm. The initial method involved heated a glass microscope slide to 
~250 oC. The APTS coated capillary was then rolled in the fully cross-linked polymer 
until fully coated (figure 5).  
 
Figure 3.7. First dip coating method. (A) The capillary was dipped into the polymer 
soluition and allowed to dry. This process was repeated three times. (B) The polymer 
coated capillary is rolled in polymer heated to > 250 oC. 
 
A B
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When the polymer films were subsequently soaked in water, the polymer film 
was visibly shed from the capillary (figure 6). By SEM imaging (Figure 6B), the surface 
of the capillary was visible under a sheath of cross-linked polymer. We propose that our 
method of film fabrication in Figure 4 was sufficient to crosslink the outer layers of the 
film, but the temperature gradient was not sufficient to cross link the film all of the way 
down to the surface to react with the amines on the capillary.  
 
Figure 3.8. (A) Capillaries were conditioned by soaking in waterspinning at 300 rpm.  
(B) Results of the conditioned fiber show the polymer is falling off the capillary surface. 
 
In effort to make sure that the co-polymers were completely crosslinked, we tried 
an “oven” method. In this method, the dip coated capillary is inserted into an “oven” 
heated to ~250 oC for ten minutes (figure 7 A). Results found that in the absence of 
spinning the capillaries, the polymer films bead on the surface of the capillary (figure 
14B). However, if the capillary was spun while heated, the film is more evenly and 
consistently coated (figure 14C). This method allows for the cross-linking process to 
occur and provides a SPME capillary that was stable to soaking in water.  
A B
 
 
 
 
 
 
38 
 
 
 
Figure 3.9. (A) Demonstrates the setup of our spin heating treatment. (B) Shows the 
beaded result of stagnant heating. (C) shows the even coating the spin heat treatment 
provides. 
 
3.2 Results and Discussions 
3.2.1 Applying the “Just Squeeze It” Strategy to SPME Methods 
We copolymerized PNIPAAm (1.2) with, our cross linker (1), using RAFT as a 
controlled polymerization method. The use of 2 at a known percentage allows for a 
known cross link density. This enables us to create a more consistent fiber, unlike 
current methods that are uncontrolled and vary from fiber to fiber (scheme 1). By doing 
this we can ensure that the effects of sensitivity are coming from the LCST monomer 
and not the morphology as a whole. We hypothesize that by having an active SPME 
fiber, the sensitivity of desorption will be increased. We created copolymers with a 5% 
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and 10% cross linker (15) and then applied them to our APTS coated capillary as 
described in the general film fabrication above. The fibers were then tested by direct 
submersion in a 1ppm solution of analytes in water for 30 minutes.  
 
 
Figure 3.10. Comparison of LCST cross-linker fibers at 5% and 10% and their 
desorption efficiencies after a series of desorptions. Extraction conditions: 30 minutes 
direct immersion in 1 ppm solution of analytes in 20 mL of water. CW- cold water, HW- 
hot water. Agilent HPLC Infinity 1200 was used for the analysis. 
After a series of desorption experiments in different temperature water (Figure 
15), we found that our hypothesis was incorrect for 5% and 10% cross link densities. 
We observe better desorption in cold water and relatively no desorption in hot water. 
This is surprising because the polymer film should be collapsed in hot water, thus 
extruding the analytes. Due to this characteristic and the hydrophobic nature of our 
analytes, the analytes may be more attracted to the hydrophobic collapsed polymer and 
remain trapped inside the polymer film instead of being extruded into the hydrophilic 
environment. This is why there is more desorption in cold water, in that the analytes are 
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able to move freely between solvent and fiber due to the swollen nature. Future work to 
test this hypothesis is to try this SPME method with more hydrophilic analytes. This 
would hopefully show better desorption data in hot water in that the hydrophilic analytes 
would be more attracted to the aqueous layer instead of the hydrophobic desorbed 
SPME film.  
Effect of cross-link density on extraction results showed that the higher cross-
linked films have slightly higher desorption efficiencies (Figure 15). We intend to see 
this trend to continue as cross link density continues to increase. However, we do 
expect efficiency will decline, as the cross-link density becomes too rigid to collapse in 
solvents above 32 oC. 
 
3.2.2 Polymer Ionic Liquids and Controlled Cross-Linking. 
The first poly ionic liquid monomer, 26, was polymerized with our initial cross 
linker 27 to give the co-polymer in scheme 8. The film was then prepared using the 
general film fabrication previously mentioned. Once constructed the films were tested by 
directly submerging the capillaries in a 1 ppm solution of analytes in water followed by 
desorption. The results shown in figure 16 show that the films had an affinity for 
polycyclic aromatic structures.  
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Scheme 3.2. Cross-linking occurring through a ketene synthesis,  
followed by a 2+2 cycloaddition to give the resulting cross-linked polymer, 31. 
 
 
 
 
Figure 3.11. Results of analyte desorption from test run on 31 at cross-link densities of 
5%, 10%, and 20%. 
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We propose this affinity is due to the fact that we are now changing two factors, 
both cross-link density and polarity, instead of just the cross-link density. This is 
because once the cross linker is introduced, more non-polar aspects are introduced to 
the polymer because of the hydrophobic nature of the cross-linker, resulting in a 
reduced polarity in the polymer overall (Figure 16).  
 
 
Figure 3.12. Cross-linker morphology. A Demonstrates the changes in polarity in 
relation to cross link density of the first cross-linker. B Shows that polarity is consistent 
as cross-linker density is varied in our modified cross-linker structure. 
 
In order to control for the change in polarity with added cross-linker content, we 
proposed to install an ionic liquid component into our cross linker (32) as well as 
removed the hydrophobic benzene on the cross-linker. This effect then allows for the 
polarity to stay consistent due to another ionic liquid presence for every percent 
increase of cross linker 36. 
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Scheme 3.3. (A) Proposal for imidazole linker synthesis. (B) Proposed synthesis 
of new ionic liquid cross-linker. 
 
 
We began the synthesis of the new cross linker (39) by first creating the 
imidazole linker (35, scheme 9 A).7,8 The imidazole was then added to 36.9 When 
observing the product of this reaction, 37, what we saw was that there was a retro aldol-
type reaction occurring that preferred the starting material (36). This retro aldol like 
reaction prevented us from achieving our final product.  
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Scheme 3.4. Proposed retro aldol like reaction inhibiting the synthesis of 37. 
 
 
In an effort to prevent the retro aldol reaction from occurring, we sought to add an 
extra carbon on the linking carbon chain (41), which should allow the achievement of 
the desired product (Scheme 10).   
 
 
Figure 3.13. New cross linker design with a two-carbon 
 chain to prevent retro aldol like reaction. 
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Scheme 3.6. New polymer containing the two-carbon chain cross-linker.  
 
3.3 Conclusion 
Overall, we constructed a cross linker that could be copolymerized with our 
desired project monomers. After polymerization we developed a consistent and effective 
method of application for our copolymers to the surface of capillaries. From there we 
were able to investigate our two main focuses: 
3.3.1 Applying the “Just Squeeze it” strategy to SPME methods 
After the creation of our SPME capillaries we tested how well the analytes were 
“squeezed” out of our LCST film. We found the results less then desirable. We think this 
is due more the hydrophobic analytes being attracted to our hydrophobic film. Our future 
work involves two main objectives, (1) repeating these test with more hydrophilic 
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analytes and (2) creating a film that is less hydrophobic. We think these changes could 
facilitate in improving LCST capabilities. 
3.3.2 Polymer ionic liquids and controlled crosslinking 
Once our SPME films were created we found the films were selective towards 
bicyclic structures. To tune our films to more hydrophilic analytes we proposed a new 
cross linker that will reduce the hydrophobic characteristics. Future work is to complete 
our new ionic liquid cross linker and continue to test the selectivity. 
 
3.4 Experimental 
 
Synthesis of 34: 
Based on a previous procedure7, 33 (20 g, 0.293 mol) and paraformaldehyde (8.8 g, 
0.293 mol) were slowly heated to 80 oC. Slowly, 6 drops of Et3N was added. The 
reaction stirred until viscous. Spectra previously reported. 
 
Synthesis of 35: 
Based on a previous procedure 8, 34 (28g, 0.293 mol) was dissolved in dioxane (100 
mL). Thionyl Chloride (21 mL, 0.293 mol) was added dropwise and was then allowed to 
stir for 3 h. The reaction was reduced under vacuum to yield 35. The product was used 
right away without further purification. Spectra previously reported. 
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CHAPTER 4. GENERAL CONCLUSION 
This thesis focused on two major topics, (1) the investigation into the 
environmental sensitivity of benzoxadiazole chromophores and (2) new material 
strategies for solid- phase microextraction (SPME) methods. 
4.1 Investigation of Benzodioxazole Chromophore and Effects on Environmental 
Sensitivity 
We report a novel method to synthesize isobenzofurans. This was achieved by 
utilizing Diels Alder and Bioorthogonal chemistry. The last step of synthesis showed 
interesting results of a competing reaction with our final product. Future work will include 
reducing the competing reaction, completing the final step with tetrazine, and then 
determining what effects the diazole ring has on environmental sensitivity.  
4.2 New material strategies for solid- phase microextraction (SPME) methods 
We found that we were able to successfully install our novel cross linker into a 
series of different copolymers. After optimization of film application, we were to test the 
film selectivity. From there we were able to investigate our two main focuses: 
4.2.1 Applying the “Just Squeeze it” strategy to SPME methods 
Our LCST results were not as we expected. We think this is due more the 
hydrophobic analytes being attracted to our hydrophobic film. Our future work involves 
two main objectives, (1) trying these tests again with more hydrophilic analytes and (2) 
creating a film that is less hydrophobic. We think these changes could facilitate in 
improving LCST capabilities. 
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4.2.2 Polymer ionic liquids and controlled crosslinking. 
Our copolymer showed a selectivity towards bicyclic structures. We hypothesized 
this was due to the hydrophobic cross linker. To counter act this affect we proposed a 
new cross linker that contains another ionic liquid. Our future work is to complete our 
new ionic liquid cross linker and continue to test the selectivity. 
